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@ Capacitive measurment and control of the fly height of a recording slider. 

® A device and method for capacitive measurement and control of the fly height of a recording slider. A 
recording slider 12 is vertically spaced from a rotating disk surface 14 by an "air bearing". The disk 10 has a 
first electrically conductive pattern 16. 22a-c. 72 at its surface. The first pattern has an edge 18. 74 with a length 
extending, for example, radially. The recording slider has one or more electrically conductive rails 30. 30A 
extending transverse to the radial pattern on the rotating disk. As the disk rotates, the edge of the pattern on «ie 
disk scans across the rail of the slider. By measuring the electrical capacitance between the slider and the 
pattern on the disk, and by processing the electrical capacitance measurement signal, a vertical spacing signal 
proportional to the vertical spacing between the disk and the slider can be obtained. Compared to prior methods 
and devices, more detailed, more precise and more accur ate vertical spa cing information can be obtained. 
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CAPACmVE MEASUREMENT AND CONTROL OF THE FLY HEIGHT OF A RECORDING SLIDER 

Background Of The Inventon 

The invention relates 'to direct access storage devices such as magnetic disk storage devices. In a 
magnetic disk storage device, a magnetic disk spins at a high speed while a magnetic recording transducer 
5 (a magnetic recording head) is suspended above the disk surface. The head is supported by a slider which 
floats above the magnetic disk on an -air bearing". The magnetic head writes information onto the magnetic 
disk In concentric circular tracks. Different tracks are accessed for writing or reading by changing the radial 
position of the magnetic recording head so as to position the head above the desired track. 

One of the most Important parameters in a high density magnetic disk storage device is the height (the 
10 fly height) of the magnetic recording head above the disk surface white the disk is spinning. Rapid and 
accurate measurement of this quantity is essential for the development of new slider designs. After the 
. development of new slider designs, such fly height measurement is essential for slider manufacture. 

It has been known, in general, to measure the fly height of a magnetic recording head by white light 
interferometry between a spinning transparent test disk and a slider flying above the test disk. While this 
75 technique is sufficiently precise for the current generation of products, the need to measure fly heights to 
accuracies of a fraction of a wavelength of light threatens to push past the limits of this measurement 
technique. 

In another method of fly height measurement, the slider flies above the surface of an electrically 
conductive test disk. By measuring the capacitance between the electrically conductive slider and the 

20 electrically conductive disk, the fly height can be determined. 

The known capacitance measurement technique suffers several drawbacks. Since the entire test disk is 
conductive, in order to be accurate this technique requires careful accounting for stray capacitance. 
Moreover, the known measurement technique provides only an average fly height measurement It provides 
no detailed measurement of the fly height at different portions of the slider. 

25 For example, the tilt of the slider with respect to the disk cannot be measured by the known 
capacitance technique. The tilt of the slider is important in order to determine the fly height of the trailing 
edge of the slider. The fly height of the trailing edge of the slider is important because the trailing edge of 
the slider is closest to the disk, and because the magnetic recording head is located at the trailing edge of 
the slider. 

30 Further since the known capacitance meaurement technique cannot determine the tilt of the slider, only 
the relative fly height can be determined. The absolute fly height cannot be determined by measuring the 
total capacitance between the slider and the conductive disk surface. 

35 Summary Of The Invention 

It is an object of the invention to provide a method and device for determining the vertical spacing 
between two objects (in particular a slider and a disk) with improved detail, precision, and accuracy. 

It is another object of the invention to provide a method and device for measuring the fly height of a 
40 slider above a disk at a number of points along the length of the slider. 

According to the invention, a device for determining the vertical spacing between two object comprises 
first and second vertically spaced objects. The first object has a first electrically conductive pattern at its 
surface. The first pattern has an edge with a length extending in a first direction. 

The second object has a second electrically conductive pattern at Its surface which is arranged 
45 opposite the surface of the first object in the vertical direction. The second pattern has a length extending in 
a second direction and a width extending in a third direction transverse to the second direction. The first 
and second objects are arranged such that the length of the edge of the first pattern is transverse to the 
length of the second electrically conductive pattern. The length of the edge of the first pattern exceeds the 
width of the second pattem. 

50 The device further includes means for moving the first and second objects relative to one another so as 
to scan the edge of tiie first pattern across the second pattern. Means are provided for measuring the 
electrical capacitance between ttie first and second electrically conductive patterns. The measuring means 
produces an electrical measurement signal representing the electrical capacitance between the first and 
second electrically conductive patterns as a function of time. 

Finally, means are provided for processing the electrical measurement signal to produce a vertical 
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spacing signal proportional to the vertical spacing between the first and second objects. 

In one ernbocJment of the invention, the first object is a rotatable body such as a d.sk. The second 

anothefaspect of the invention, the first pattern (e.g. on the disk) has a width which is less than the 

length of the edge ollhe second pattern (e.g. the slider). 

Preferably, both *e first and second patterns have constant widths. 

Since the fly height is inversely proportional to the capacitance, the means for processing the 
measurement signal preferably includes means for inverting the electrical measurement signal m order to 

produce a vertical spacing signal. . 

In another aspect of the invention, both the first and second electrically conductive patterns extend m 
straight lines, one radially and the other tangentially. „„»»h ,^«ion m 

in the invention, the first electrically conductive pattern may be. for example, an lon-implanted region in 
an electrically insulating substrate. The second electrically conductive pattern may be a ndge in a 
conductive block. The second pattern may ttien be the slider itself. 

Alternatively, the first electrically conductive pattern may be. for example, an electrically conductive 
ridge onihe planar surface on an electrically conductive disk. 

In another embodiment of the invention, ttie means for processing the electrical measurement signal to 
produce the vertical spacing signal includes means for computing the first time derivative of the electnca^ 
measurement signal to produce a first Ume derivative signal. As explained further below, wrth the use o^ 
certain electrically conductive patterns on the rotating disk, the fly height of the slider is inversely related to 
the first time derivative of the capacitance between the slider and «ie electrically conductive pattern on the 

*^'*The im/entlon further relates to a device for controlling ttie distance between two objects. Such a device 
includes first and second objects, moving means, measuring means, and processing means as described 
above The device for controlling the distance between two objects further Includes means for generaftng a 
reference signal representing a desired vertical spacing between the first and second objects, and means 
for receiving the reference signal and the vertical spacing signal and for changing the vertical spacing in 
response to the difference between the reference signal and the vertical spacing signal. 

The invention also relates to a metiiod of measuring the vertical spacing between first and second 
objects of m type described above, in the method, ttie first and second objects are moved relative to one 
anott^er so as to scan ttie edge of the first pattern aaoss the second pattern. The electrical capacitance 
between the first and second patterns is measured, and the resulting electrical measurement signal .s 
processed to produce a vertical spacing signal proportional to the vertical spacing between Uie first and 

second objects. « . . ^. 

in a magnetic recording device according to the present invertion, the first object is a magnetic 
recording medium, and ttie second object is a magnetic recording head assembly. The magnetic recording 
device further includes moving means, measuring means, processing means, reference signal generating 
means, and means responsive to ttie difference between the reference signal and the vertical spacing 

signal, all as described above. . . ^. u^^a 

Rnally. ttie invention relates to a device for measuring ttie fly height of a magnetic recording head 
which is arranged on an electrically conductive slider. Such a device comprises a rotatable body witti a first 
electrically conductive pattern having an edge extending in a first direction. Means are provided for rotating 
ttie rotatable body in a direction of rotation around an axis substantially perpendicular to the surface of the 
rotatable body. The direction of rotation is transverse to ttie edge of the first electrically conductive pattern. 
The device further includes measuring means and processing means of the types descnbed above. 
The mettiod and devices according to ttie present Invention are advantageous because by providing a 
first electrically conductive pattern wiUi an edge extending transverse to the direction of relative motion 
between the first and second objects, tiie point-by-point vertical spacing between the two objects can be 
determined botti accurately and in absolute temis. 

so 

Brief Description Of The Drawing 

Rg. 1 is a schematic diagram of a vertical spacing measurement and control device according to ttie 

55 present invention. t > ^ ■ u 

Rg. 2 is a top plan view of a disk-shaped first object having several examples of electncally 

conductive patterns on the surface ttiereof. 
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Fig 3 is a block diagram of a means for measuring the electrical capacitance between first and 
second electrically conductive pattems and a first embodiment of means for processing the electrical 
measurement signal to produce a vertical spacing signal. 

Fig 4 is a top plan View, partially in phantom of a slider flying above a rotating disk. 

Fig, 5 is a cross-se^^^onal view along the line A-A of Fig. 4 of a first embodiment of a disk bearing a 
first electrically conductive -pattern according to the present invention. 

Rg. 6 is a cross-sectional view along the line A-A of Fig. 4 of a second embodiment of a disk beanng 
a first electrically conductive pattem according to the invention. 

Fig. 7 is a block diagram of a means for measuring the electrical capacitance between first and 
second electrically conductive pattems on first and second spaced objects, and a second embodiment of 
means for processing the electrical measurement signal to produce a vertical spacing signal. 

Rg. 8 is a graph of the measured capacitance between a recording slider and an electrically 
conductive line on a rotating disk. The capacitance is plotted versus the distance along the length of the 
slider. 

Fig. 9 is a graph of the slider fly height calculated from the capacitance data of Fig. 8. 

Description Of The Prefen-ed Embodiments 

Referring to Rg. 1. the device for determining the vertical spacing between two objects comprises a 
first object 10 and a second object 12. The first object 10 is. for example, a disk as shown in Fig. 2. The 
disk 10 has a surface 14 with a first electrically conductive pattern. 

The electrically conductive pattem at the surface 14 of disk 10 has an edge with a length extending in a 
first direction. For example, the pattern 16 has an edge 18 which extends in a radial direction with respect 
to the axis 20 of disk 10. 

in general, the first electrically conductive pattern on the surface 14 of disk 10 may take many different 
forms. For example, the width and/or the length of the pattern may be increased or decreased. If desired, 
the pattem may have one or more azimuthal jogs. Several alternative patterns 22a. 22b. 22c. and 72 are 
shown in Rg. 2. 

In order to provide an electrical connection to the electrically conductive pattem or patterns, an 
electrically conductive ring 24 is provided at the inside diameter of the disk 10. The electrically conductive 
ring 24 is connected to capacitance measuring circuity (described below) by way of a disk clamp 26 (Fig. 

Still referring to Rg. 1. the second object 12 has a surface arranged opposite the surface 14 of the disk 
10. The second object 12 may be, for example, a recording slider. 

The surface of the recording slider 12 is spaced from the surface 14 of the disk 10 in a vertical 
direction 28. 

The recording slider 12 has a second electrically conductive pattem at Its surface. As shown in Rg. 1. 
the second pattern 30 Is a ridge or rail on the electrically conductive slider 12. As shown In Rg. 4. the ridge 
30 has a length extending in a second direction 32 transverse to the length of the edge 18 of the first 
pattern 16 on disk 10. The second pattem 30 has a widtti w, extending in a third direction transverse to the 
length direction 32. The length of the edge 18 of the first pattem 16 exceeds the width Wr of the second 
pattern 30. 

In order to improve the flying stability of the slider 12. the slider 12 is preferably provided with a second 
ridge or rail 30A. Rail 30A is parallel to rail 30, and has the same physical dimensions as rail 30. The two 
rails 30 and 30A may together constitute the second electrically conductive pattern. 

As shown in Rgs. 1 and 4. the invention also includes means 36 for moving the first object 10 and the 
second object 12 relative to one another in a direction transverse to the vertical direction 28 and transverse 
to the edge 18 of ttie first pattern 16 so as to scan the edge 18 of the first pattern 16 across the second 
pattern 30 and 30A. The means 36 may move the disk 10 in the direction of the arrow 38 and/or may move 
the slider 12 in the direction of the an^ow 40. (Rg. 4.) 

Preferably, the means 36 for moving the first and second objects relative to one another comprises a 
rotary motor 36 as shown in Rg. 1. The disk 10 is clamped to the shaft 42 of motor 36 by way of the disk 
clamp 26. 

An electrical capacitance measuring circuit 44 is provided for measuring the electrical capacitance 
between the first pattern 16 on the disk 10 and the second pattern 30 and 30A on the slider 12 as the edge 
18 of the first pattern 16 scans across the second pattem 30 and 30A. A vertical spacing computation circuit 
46 processes the electrical measurement signal from the capacitance measuring circuit 44 to produce a 
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vertical spacing signal proportional to the vertical spacing between the first object 10 and the second object 

Embodiments of the capacitance measuring circuit 44 and the vertical spacing computation circuit 48 
are shown in Rg. 3. The capacitance measuring circuit 44 comprises, for example, a radio frequency 
5 voltage supply 48. kn amplifier 50. a rectifier 51 and a lov» pass filter 52. The radio frequency (Rf=) voltage 
from voltage suppl^48 may be. for example, one volt mis at 4 megahertz. The radio frequency voltage. V. 
generates a current tin the disl<-to-slider capacitance according to the relationship 

Iher^ fTs^the frlquency of the RF voltage, and C is the capacitance between the slider and the electrically 

10 conductive pattern on the disl<. , . u 

Both the supplied voltage and the disk-to-sifder capacitance vary with time. The voltage vanes because 
the voltage supply 48 supplies a radio frequency varying voltage. The capacitance varies because the edge 
18 of the first pattern 16 is scanned across the second pattem 30 and 30A. In order to remove the 
frequency component due to the supplied RF voltage, the frequency of voltage supply 48 is chosen to be 
15 much larger than the frequency of the capacitance variation. The low pass filter 52 then removes the high 
• frequency variation of the current to produce an electrical capacitance measurement signal. 

The vertical spacing computation circuit 46 of Rg. 1 may comprise, for example, an inverter 54 and an 

amplifier 56 as shown in Rg. 3. , . u ^ .u -* i« 

The circuit 46 of Rg. 1 is suitable for determining the vertical spacing between the first pattem 16 on 
the rotating disk 10 and the second pattem 30 and 30A on the slider 12 as shown in Rgs. 4. 5. and 6. In 
this embodiment of the invention, the capacitance is given by the equation 
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C = (2) 

h 

where w, is the width of the conducting line (the first pattem) 16. w. Is the width of the rail (the second 
pattem 30 and 30A). so is the permittivity of free space, and h is the fly height of the rail above pattem 16 
(Rg 4) 60 (Rg 5). or 64 (Rg. 6). The factor of two is due to the second rail 30A. which has the same width 
and fly' height as the rail 30. Thus, at any point in time, the fly height h is inversely proportional to the 
capacitance between the disk 10 and ttie slider 12. 

Preferably, the surfaces of the disk 10 and the rails 30 and 30A of the slider 12 are substantially planar. 
In this way, accurate local measurements of the fly height of the rails 30 and 30A. and hence accurate tilt 
measurements can be obtained. <o -4i,« 

Returning to Rg. 1. the invention may further include a stepper motor 58 for moving the slider 12 in the 
radial direction with respect to the axis.20 passing through the center of ttie disk 10. The fly height of the 
slider 12 may then be measured at different radial positions of tt»e slider 12. ^ ^ . 

Moreover, if the first pattem is appropriately shaped (see. for example, patterns 22a. 22b. and 22c 'n 
Rg. 2). it becomes possible to separately measure the disk-to-slider capacitance of rail 30 or rail 30A. For 
example, by appropriately positioning slider 12. the pattem 22a can be made to scan only the rail 30A 
Alternatively, pattem 22b or 22c can successively scan rails 30 and 30A by suitably adjusting the radial 
position of slider 12. 

The first object or disk 10 and its electrically conductive pattem may have a number of alternative 
constructions. The disk 10. may. for example, be an electrically insulating material such as Photoceram. 
Alternatively, the disk 10 may be a metallic conductor. 

Whether the disk 10 Is electrically Insulating or electrically conductive, the first pattern 16 may be an 
electrically conductive ridge 60 on the disk substrate 62. as shown in Rg. 5. Ridge 60 may be, for example, 
a 4 Jim thick line having a width of 250 urn. Experiments have shown that such a raised pattem thtekness 
does not significantly perturb the slider fly height « u ^- u m 

Nevertheless, planarized conductor patterns may altemath/ely be used. As shown in FIG. 6, the disk io 
comprises a conductor pattem 64 embedded in disk substrate 62. The disk substrate 62 in this embodiment 
may be a silfeon disk. The planarized conductor pattem 64 may be fabricated by ion implantation to create 
doped conducting regions in the silicon substrate 62. Planarized conductor pattem 64 may be. tor example. 
1 to 5 um m thick. ^ . ^ 

It is alternatively possible to cover the pattem 16 with, for example, a layer of nonconductive 
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magnetizable material. In such a case, however, in order to calculate the fly height it would be necessary to 
know the thickness of the covering layer, and the dielectric constant of the covering layer. 

In a second embodiment of the invention, the capacitive measuring circuit 44 and the vertical spacing 
computation circuit 46 oft.Rg. 1 are shown in more detail in Rg. 7. As in the first embodiment of the 
invention, the capacitance measuring circuit 44 comprises a radio frequency voltage supply 48. an amplifier 
50. a rectifier 51 and a bw pass filter 52. However, the vertical spacing computation circuit 46 now 
comprises a differentiator 66 in addition to the inverter 54, and the amplifier 56. 

The circuitry of Rg. 7 can be used with the electrically conductive pattern 72 on disk 10. (See. Hg. 2.) 
m this case, pattern 72 has a width greater than the lengths of rails 30 and 30A. Therefore, as the edge 74 
of pattern 72 is scanned across the rails 30 and 30A of slider 12. the point-by-point capacitance along the 
rails 30 and 30A is proportional to the first time derivative of the total capacitance C between the pattern 72 
and the rails 30 and 30A. Thus, 

C = (3) 

h(t) + hjj 



where v is the velocity of the edge 74 of the pattern 72 as it scans across the rails 30 and 30A, where t is 
the time, where h(t) is height of the rails above the edge 74 at time I, and where ho is the height of the 
leading edges of the rails. Therefore. 

dC 4 e Q^>^j.v 

— « . (4) 

dt h(t) 

This approximation holds tnie when t -ff- (the rise or 

fall of the slider) is much less than the sum of the heights of the leading and trailing. edges of the rails, 
which is a good approximation in many cases. Consequently, the point-by-point fly height of the rails 30 
and 30A is inversely proportional to the first time derivative of the disk-to-siider capacitance. 

It is also possible to measure the height of rail 30 or 30A across the width of the rail. Such 
measurement can be made by scanning the rail radially across the edge 23 of pattern 22a while the disk 10 
is rotating. We then measure the capacitance C as a function of the angular position e of disk 10 and of a 
time T equal to INT(i't) (where INT is the integer function, y is the frequency of rotation, and t is the 
"absolute" time). By computing the partial derivative of C with respect to T at each position e (for example 
by taking the difference between two successive fly height signals) the height across the width of the rail 
can be obtained. 

Thus far, we have described a device for measuring the vertical spacing between two objects. The 
invention may also control the distance between the two objects. To this end, the invention further 
comprises means for generating a reference signal representing a desired vertical spacing between the first 
and second objects, and means for receiving the reference signal and the vertical spacing signal, and for 
changing the vertical spacing between the first and second objects in response to the difference between 
the reference signal and the vertical spacing signal. 

As shown in Rg. 1, the means for generating a reference signal may be any voltage reference source 
76. A comparator 77 subtracts the reference signal from the vertical spacing signal to produce a difference 
signal. 

A controller 78 may be provided for receiving the difference signal and for controlling the height of 
slider 12 in response to the difference between the reference signal and the vertical spacing signal. Height 
controller 78 may comprise a proportional-integral-derivative (PID) control circuit. The output of controller 78 
regulates a height actuator 80 which raises or lowers the height of the slider 12. The height actuator 80 may 
be, for example, a motor and saew. a piezoelectric element a stepper motor, a voice coil motor, or some 
other suitable mechanical arrangement. 

In a magnetic recording device according to the present invention, the surface 14 of the disk 10 is a 
magnetic recording medium. The slider 12 carries a magnetic recording head 82 {Rg. 4) at the trailing edge 



6 



EP 0 326 683 A2 



of the slider 12. ^. u ^ oo 

In a device for measuring the fly height of a magnetic recording head, the magnetic recording head 82 
is arranged on the electrically conductive slider 12. The measurement device includes a rotatable body, 
which may be a test disk 10 having no magnetic recording medium on the surface thereof. 



EXAMPLE 
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The capacitance was measured between a slider and an electrically conductive line on a rotating disl<. 
The slider had two rails having widths of 400 mm and lengths of 4000 um. The line had a width of 250 urn. 
Only the inner rail was scanned by the line. o u 

Rg 8 shows the measured capacitance versus the distance along the length of the rail. Fig. 9 shows 
the fly height profile calculated from the capacitance curve of Rg. 8. The pitch or tilt of the slider is evident. 
The fly height of the trailing edge can be seen to be approximately 0.2um. 



Claims 

1 Device for determining the vertical spacing between two objects, said device comprising: 
20 a first object (10) having a surface (14). said first object having a first electrically conductive pattern (16. 
22a-c). 72) at its surface, said first pattern having an edge (18. 74) with a length extending in a first 
direction, said first pattern having a width transverse to the length of the edge of the first pattern; 
a second object (12) having a surface arranged opposite the surface of the first object, the surface of the 
second object being spaced from the surface of the first object in a vertical direction, said second object 
25 having a second electrically conductive pattern (30. 30A) at its surface, said second pattern having a length 
extending in a second direction and a width extending in a third direction transverse to the second direction, 
said first and second objects being arranged such that the length of the edge of the first pattem ts 
transverse to the length of the second electrically conductive pattern, the length of the edge of the first 
pattem exceeding the width of the second pattem. the width of the first pattem being less than the length of 

30 the second pattem; , 

means (36) for moving said first and second objects relative to one another in a direction (38) transverse to 
the vertical direction and transverse to the edge of the first pattem so as to scan the edge of the first 
pattem across the second pattern; 

means (44) for measuring the electrical capacitance between the first and second electncally conductive 
35 patterns, said measuring means producing an electrical measurement signal proportional to the electncal 
capacitance between the first and second electrically conductive patterns as a function of time; and 
means (46) for processing the electrical measurement signal to produce a vertical spacing signal propor- 
tional to the vertical spacing between the first and second objects. 

2. Device as claimed in Claim 1, 

40 characterized in that t - ^ 

the means for processing the electrical measurement signal comprises means (54) for inverting the 
electrical measurement signal to produce a vertical spacing signal proportional to the vertical spacing 
between the first and second objects. 

3. Device as claimed in Clainn 2, 
49 characterized in that: 

the width of the first pattem is constant along the entire length of the edge of the first pattern; and 
the width of the second pattern is constant along the entire length of the second pattem. 

4. Device as claimed in Claim 3. 
characterized in that 

so the surfaces of the first and second objects are substantially planar; 

the first object is rotatable around an axis (20) substantially perpendicular to the planar surface at a first rate 
of rotation; 

the length of the edge of the first electrically conductive pattern extends in a radial direction with respect to 
the axis of rotation; 

55 the second object is rotatable around the axis at a second rate of rotation different from the first rate of 
rotation; and 

the length of the second electrically conductive pattem extends tangential to ttie radial direction. 
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5. Device as claimed in Claim 4, 
characterized in that 

the second object is movable in the radial direction but is not rotatable around the axis. 

6. Device as claimed \r\ Claim 5, 
5 characterized in that: !.V 

the first electrically conducive pattern (16. 22a-c) extends in a straight line in the radial direction: and 
the second electrically conductive pattern extends in a straight line (40) substantially perpendicular to the 
- radial direction. 

7. Device as claimed in Claim 6. 
10 characterized in that: 

the first object Is made of an electrically insulating material; or 

the first electrically conductive pattern comprises an electrically conductive ridge (60) on the planar surface 
.of the first object, said projection having a height extending in the direction of the second object; 
the first electrically conductive pattern comprises an ion-implanted region (64) In the first object; 
;5 the second object is made of an electrically conductive material; and 

the second electrically conductive pattern comprises an electrically conductive ridge having a height 
extending in the direction of the first object. 

8. Device as claimed in Claim 1 or one of the Claims 2-7. 
characterized in that: 

20 means for processing the electrical measurement signal to produce a vertical spacing signal proportional to 
the vertical spacing between the first and second objects, comprises means (66) for computing the first 
time derivative of the electrical measurement signal to produce a first time derivative signal. 

9. Device as claimed in Claim 8, 
characterized in that: 

25 the first pattern has a width transverse to the length of the edge of the first pattern; and 
the width of the first pattern is greater than the length of the second pattern. 

10. Device for controlling the distance between two objects, said device comprising: 

a first object (10) having a surface (14). said first object having a first electrically conductive pattern (16. 
22a-c, 72) at its surface, said first pattern having an .edge (18. 74) with a length extending in a first direction; 

30 a second object (12) having a surface arranged opposite the surface of the first object, the surface of the 
second object being spaced from the surface of the first object in a vertical direction, said second object 
having a second electrically conductive pattern (30, 30A) at its surface, said second pattern having a length 
extending in a second direction and a width extending in a third direction transverse to the second direction, 
said first and second objects being arranged such that the length of the edge of the first pattern is 

35 transverse to the length of the second electrically conductive pattern; 

means (36) for moving said first and second objects relative to one another in a direction (38) transverse to 
the vertical direction and transverse to the edge of the first pattern so as to scan the edge of the first 
pattern across the second pattern; 

means (44) for measuring the electrical capacitance between the first and second electrically conductive 
40 patterns, said measuring means producing an electrical measurement signal proportional to the electrical 
capacitance between the first and second electrically conductive patterns as a function of time; 
means (46) for processing the electrical measurement signal to produce a vertical spacing signal propor- 
tional to the vertical spacing between the first and second objects; 

means (76) for generating a reference signal representing a desired vertical spacing between the first and 
45 second objects; and 

means (77. 78, 80) for receiving the reference signal and the vertical spacing signal and for changing the 
vertical spacing between the first and second objects in response to the difference between the reference 
signal and the vertical spacing signal. 

19. Method of measuring the vertical spacing between two objects, said method comprising the steps 

so of: 

providing a first object (10) having a surface (14). said first object having a first electrically conductive 
pattern (16. 22a-c. 72) at its surface, said first pattern having an edge (18, 74) with a length extending in a 
first direction; 

providing a second object (12) having a surface arranged opposite the surface of the first object, the surface 
55 of the second object being spaced from the surface of the first object in a vertical direction, said second 
object having a second electrically conductive pattern (30, 30A) at its surface, said second pattern having a 
length extending in a second direction (32) and a width (w,) extending in a third direction transverse to the 
second direction; 
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arranging said first and second objects such that the length of the edge of the first pattern is transverse to 
the length of the second electrically conductive pattern, the length of the edge of the first pattern exceeding 
the width of the second pattern; 

moving said first and second objects relative to one another in a direction transverse to the vertica^ direction 
5 and transverse to th\ edge of the first pattern so as to scan the edge of the first pattern across the second 

mSng the electrical capacitance between the first and second electrically conductive patterns, said 
measuring means producing an electrical measurement signal proportional to the electrical capacitance 
between the first and second electrically conductive patterns as a function of time: and 
10 processing the electrical measurement signal to produce a vertical spacing signal proportional to the vertical 
spacing between the first and second objects. 

12. Device as claimed in anyone of Claims 1-10 or method as claimed in Claim 11, 
characterized in that: 

said first object consists of a magnetic recording medium (10. 14), and 
75 said second object consists of a magnetic recording head assembly (12). 

13. Arrangement as claimed In Claim 12, 

characterized in that ^ x 4- 

the magnetic recording medium comprises a layer of magnetizable material on the surface of the magne ic 
recording medium, a part of said layer of magnetizable material being arranged between the first electncally 
20 conductive pattern and the magnetic recording head assembly. 

14. Anangment as claimed in Claim 13, 
characterized in that 

the magnetic recording head assembly comprises: 

an electrically conductive slider forming the second electrically conductive pattern; and 
25 a magnetic recording head (82) arranged on the slider. 

15. Arangment as in anyone of the Claims 12-14. 
characterized In that 

It is used for measuring the fly height of a magnetic redording head. 
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© Capacitive measurment and control of the fly height of a recording slider. 



© A device and method for capacitive measure- 
ment and control of the fly height of a recording 
slider. A recording slider 12 is vertically spaced from 
a rotating disk surface 14 by an "air bearing". The 
disk 10 has a first electrically conductive pattern 16, 
22a-c, 72 at its surface. The first pattern has an 
edge 18. 74 with a length extending, for example. 
^ra6My. The recording slider has one or more elec- 
^trically conductive rails 30. 30A extending transverse 
Wto the radial pattern on the rotating disk. As the disk 
2 rotates, the edge of the pattern on the disk scans 
across the rail of the slider. By measuring the elec- 
Otrical capacitance between the slider and the pattern 
jjjon the disk, and by processing the electrical capaci- 
tance measurement signal, a vertical spacing signal 
O proportional to the vertical spacing between the disk 
Q^and the slider can be obtained. Compared to prior 
UJ methods and devices, more detailed, more precise 
and more accurate vertical spacing information can 
be obtained. 
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